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® A tendon (100) for prestressed concrete struc- 
ture (3) comprises a core member (1) such as a 
steel wire for prestressed concrete structures, a steel 
strand for prestressed concrete structures or a steel 
bar for prestressed concrete structures, and an unset 
bonding material (2) coating the core structure (1) in 
^a predetermined thickness, having a specific setting 
^time determined by selectively determining the re- 
(Ospective contents of the ingredient of the bonding 
material and capable of setting at an ordinary tem- 
pi 1 ) perature. The tendon (100) is arranged in a desired 
^arrangement for forming a prestressed concrete 
^structure, concrete is placed so as to bury the ten- 
©dons therein, and then the tendons (100) are ten- 
-sioned and fixed after the strength of the deposited 
qj concrete has increased to a degree to permit ten- 
sioning the tendons and before the unset bonding 
material sets. Thus, the unset bonding material sets 



after the tendons have been tensioned and fixed to 
bond the tendons firmly to the prestressed concrete 
structure. 
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TENDONS FOR PRESTRESSED CONCRETE STRUCTURES AND METHOD OF USING SUCH TENDONS 



The present invention relates to tendons for 
posttensioned prestressed concrete structures, 
which can perfectly be prevented from corrosion 
without requiring grouting, can integrally be incor- 
porated into prestressed concrete structures after 
being tensioned, and can easily be used for 
prestressing concrete structures, and a method of 
using such tendons. 

In the conventional posttensioning process for 
forming a prestressed concrete structure, sheaths 
are arranged prior to the placement of concrete, 
prestressing steels such as steel bars, wires or 
strands are inserted in the sheaths after or before 
the concrete has set, and then the prestressing 
steels are tensioned when the concrete reaches to 
the desired strength. Then, a cement milk or the 
like is injected under pressure into the sheaths for 
corrosion prevention and for integrally bonding the 
prestressing steels to the concrete structure. The 
insertion of the prestressing steels into the sheaths 
and the injection of the cement milk or the like are 
very complicated work requiring a long time and 
much labor and increasing the cost of prestressed 
concrete structures. Furthermore, since, in most 
cases, the prestressing tendon is arranged in cur- 
vature, it is difficult to fill up the sheaths perfectly 
with the cement milk or the like, and hence it is 
possible that the prestressing steels in unfilled por- 
tions of the sheaths are corroded. 

A method of eliminating such disadvantages of 
the conventional posttensioning process is pro- 
posed, for example, in Japanese Patent Publication 
No. 53-47609, in which -a prestressing member is 
formed by coating a steel material with a grease 
and encasing the steel material coated with the 
grease in a plastic case. This method prevents the 
corrosion of the prestressing steel perfectly by the 
grease or the like and makes the injection of a 
cement milk or the like unnecessary. However, the 
prestressing steel remains not bonded to the con- 
crete structure after the same has been tensioned. 
Accordingly, when the prestressing tendon is over- 
loaded temporarily, load is concentrated on the 
fixed portions of the prestressing tendon to break 
the prestressing steel at the fixed portions. Since 
the prestressing steel is not bonded to the concrete 
structure, the breakage of the prestressing steel, 
even at a single point thereon, affects the strength 
of the prestressed concrete structure entirely. Fur- 
thermore, the ultimate bending strength of a 
prestressed concrete structure having unbonded 
prestressing tendon is lower than that of an equiv- 
alent prestressed concrete structure having bonded 
prestressing tendon. 

The present invention has been made to elimi- 



nate the drawbacks of the conventional prestres- 
sing tendon. 

Accordingly, it is an object of the present in- * 
vention to provide tendons for prestressed concrete 

5 structures, comprising a core member, capable of ; 
perfectly preventing the corrosion of the core mem- 
ber, capable of firmly adhering to concrete and not 
having weakness at the fixed portions thereof, 
it is another object of the present invention to 

io provide a method of using such tendons. 

According to a first aspect of the present in- 
vention, a tendon comprises a core member for 
prestressing a concrete structure, such as a steel 
wire, a steel strand or a steel bar, and the core 

75 member for prestressing a concrete structure is 
coated with a film of 20 u or above in thickness of 
an unset bonding material having a setting time 
adjusted so that the unset bonding material does 
not set before the core member is tensioned and 

20 sets at an ordinary temperature after the core 
member , has been tensioned and the tendon has 
been fixed to the concrete structure. 

According to a second aspect of the present 
invention, a tendon comprises a core member for 

25 prestressing a concrete structure, such as a steel 
wire, a steel strand or a steel bar, the core member 
for prestressing a concrete structure is coated with 
a film of 20 u or above in thickness of an unset 
bonding material having a setting time adjusted so 

30 that the unset bonding material does not set before 
the core structure is tensioned and sets at an 
ordinary temperature after the core structure has 
been tensioned and the tendon has been fixed to 
the concrete structure, and the core member coat- 

35 ed with such an unset bonding material is encased 
in a sheath to facilitate handling. 

According to a third aspect of the present 
invention, a tendon comprises a core member for 
prestressing a concrete structure, such as a steel 

40 wire, a steel strand or a steel bar. the core struc- 
ture is coated with an unset bonding material, and 
the adhesion of the core structure is increased after 
the bonding material has set. 

According to a fourth aspect of the present * 

45 invention, tendons each comprising a core member 

for prestressing a concrete structure, such as a 4 
steel wire, a steel strand or a steel bar, coated with 
a film of 20 U or above in thickness of an unset 
bonding material having a setting time adjusted so 

50 that the unset bonding material does not set before 
the core member is tensioned and sets at an 
ordinary temperature after the core member has • 
been tensioned and the tendon has been fixed to 
the concrete structure are arranged in a predeter- 
mined arrangement, concrete is placed, and. then 
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the core members are tensioned before the bond- 
ing material sets, after the strength of the depos- 
ited concrete has increased to a predetermined 
degree. 

According to a fifth aspect of the present in- 
vention, tendons each comprising a core member 
for prestressing a concrete structure, such as a 
steel wire, a steel strand or a steel rod, coated with 
a film of 20 u or above in thickness of an unset 
bonding material having a setting time adjusted so 
that the bonding material does not set before the 
core structure is tensioned and sets at an ordinary 
temperature after the core structure has been ten- 
sioned and the tendon has been fixed to the con- 
crete structure, and encased in a sheath are ar- 
ranged in a predetermined arrangement, concrete 
is placed, and then the core member are tensioned 
before the bonding material sets, after the strength 
of the concrete has increased to a predetermined 
degree. 

Thus, according to the present invention, the 
setting time of the unset bonding material coating 
the core member is adjusted so that the bonding 
material will not set before the tendon is tensioned 
and will set at an ordinary temperature after the 
tendon has been tensioned and fixed to the con- 
crete structure, because the uniform propagation of 
a tensile force applied to the tendon through the 
entire length of the tendon is obstructed by the 
adhesion of the tendon to the concrete structure if 
the bonding material sets before the application of 
a tensile force to the tendon. 

Generally, it takes approximately 170 hours 
after placement for the strength of concrete con- 
taining General-Use Cement to increase to a de- 
gree to permit tensioning tendons, and approxi-. 
mately 70 hours after placement for the strength of 
concrete containing High-Early-Strength Cement to 
increase to such a degree. Accordingly, a bonding 
material having a setting time adjustable to 70 
hours or longer is used preferably for coating the 
core member and, more preferably, a bonding ma- 
terial having a setting time adjustable to 170 hours 
or longer is used for coating the core member. 
Since it is desirable that the bonding material coat- 
ing the core member sets quickly after the core 
structure has been tensioned, it is preferable that 
the setting time is one year or less. 

When the thickness of the film of the unset 
bonding material coating the core member is less 
than 20 u, it is possible that pin holes are devel- 
oped in the film to deteriorate the corrosion pre- 
venting effect of the film, and the film is unable to 
separate the core member satisfactorily from the 
concrete structure, so that the frictional resistance 
of concrete member to the movement of the core 
member during tensioning operation is increased. 
When the core member is a steel strand for 
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prestressed concrete structure, the core surface of 
the core member cannot be coated by the bonding 
material in a uniform thickness. In such a case, the 
core structure is coated with the bonding material 
5 so that the thickness of the thinnest portion of the 
film is 20 u or above. 

There is no any particular restriction on the 
method of application of the bonding material pro- 
vided that the core structure is coated with the 
w bonding material in an appropriate thickness; the 
bonding material may be applied through any suit- 
able coating process, for example, a brush coating 
process or a dip coating process. 

Thus, an unset bonding material prepared so 
15 that it will not set before the core member is 
tensioned is applied to the core members of ten- 
dons, the tendons are arranged in a desired ar- 
rangement, concrete is placed, and then the core 
members are tensioned after the strength of the 
20 concrete has reached to a degree to permit ten- 
sioning the core members. Accordingly, the bond- 
ing material does not set before the core members 
are tensioned and hence the core members are not 
bonded to the concrete structure before the core 
25 members are tensioned, so that the core members 
can be tensioned uniformly over the entire length. 
After the core members have been tensioned, the 
bonding material sets graduaJly to bond the core 
members firmly to the concrete structure. 
30 Thus, the present invention provides the follow- 

ing excellent effects. 

(A) The core structures are coated with the 
bonding material at the place of manufacture, and 
hence work for arranging sheaths, inserting the 

35 core members into the sheaths and injecting a 
cement milk into the sheaths, which has been 
performed in the conventional posttensioning pro- 
cess, is not necessary, so that labor necessary for 
forming a prestressed concrete structure and the 

40 cost of the prestressed concrete structure are re- 
duced remarkably. 

(B) The bonding material coating the core 
members sets graduaily by chemical reaction with- 
out requiring any artificial process such as heating, 

45 so that neither labor nor apparatus is necessary for 
setting the bonding material and any dangerous 
work is not required for forming a prestressed 
concrete structure. 

(C) The core members are coated perfectly 
so with the bonding material and the bonding material 

sets after the core members have been tensioned, 
so that the core members are prevented perfectly 
from corrosion. 

(D) The bonding material sets to bond the 
56 core members firmly to the concrete structure, 

which improves the drawbacks of the unbonded 
core members incorporated into the concrete struc- 
ture. 
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(E) The core members coated with the bond- 
ing material can be encased in sheaths, respec- 
tively, at the place of manufacture, so that the 
tendons can be manufactured under sufficient qual- 
ity control and the corrosion of the core members 
attributable to the use of an inappropriate grout is 
prevented positively. 

The above and other objects, features and ad- 
vantages of the present invention will become ap- 
parent from the following description taken in con- 
junction with the accompanying drawings, in which: 

Figure 1 is a fragmentary longitudinal sec- 
tional view of a tendon, in a preferred embodiment, 
according to the present invention; 

Figure 2 is a fragmentary longitudinal sec- 
tional view of a tendon, in another embodiment, 
according to the present invention; 

Figure 3 is a graph showing the variation of 
setting time with the content of a hardener; 

Figure 4 is a graph showing the variation of 
the adhesive strength of the core members with the 
lapse of time after the tendons have been buried in 
concrete; 

Figure 5 is a graph showing the relation 
between pull-out load and the amount of slip of 
tendons relative to a concrete cylinder; 

Figure 6 is a graph showing the load-dis- 
placement curves of the concrete beams with both 
ends sustained. 

Embodiment 1: 

Referring to Fig. 1, a tendon 100, in a first 
embodiment, according to the present invention 
comprises a core member 1 and a bonding ma- 
terial 2 coating the core member 1 in a film of a 
thickness in the range of 0.5 to 1 mm. The core 
member 1 is a steel strand of 12.7 mm in diameter 
for prestressed concrete. The bonding material 2 is 
a mixture of an epoxy resin and 0.3 percent by 
weight of an amine hardener containing a setting 
accelerator, having a setting time of approximately 
six months. Although there is not any particular 
restriction on the type of the bonding material 2, 
preferably, the bonding material 2 is a bonding 
material containing, as a principal ingredient, an 
epoxy resin, a polyurethane resin or a polyester 
resin in the light of sufficient strength of adhesion 
to the steel core member 1 and the necessity of 
avoiding the corrosive action of the bonding ma- 
terial 2 on the steel core structure 1 . 

A plurality of the tendons 100 are arranged in a 
predetermined arrangement, and then concrete 3 is 
placed. 

Referring to Fig. 3 showing the variation of the 
setting time of the bonding material 2 with the 
contents of the hardener, the setting time of the 
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bonding fnateriai^^an be adjusted to an optional 
time by selectively determining the content of the 
hardener. 

The tendons 100 were arranged in a predeter- 

5 mined arrangement one month after the manufac- 
ture thereof and the concrete 3 was deposited. The 
tendons 100 thus placed in. the concrete 3 were 
subjected to tensioning tests from a time two 
months after the manufacture thereof, in which the 

io rate of reduction of tensile force applied to one end 
of each tendon 100 during propagation to the other 
end of the tendon 1 00 was measured. 

The results of the tensioning tests are shown in 
Fig. 4 f in which an area 8 represents the variation 

75 of the rate of loss of tensile force with the lapse of 
time with the tendons 100 of the present invention, 
and an area 7 represents the variation of the rate of 
loss of tensile force with the lapse of time with 
conventional unbonded tendons each comprising a 

20 steel strand for prestressed concrete subjected to 
the tensioning tests as controls. As obvious from 
Fig. 4, the rate of loss of tensile force applied to 
one end of the tendon 100 of the present invention 
remains at a low level substantially the same as 

25 that of the conventional unbonded tendon within six 
months after the manufacture. The rate of loss with 
the tendons 100 starts increasing from a time six 
months after the manufacture, which is inferred that 
the core members 1 of the tendons 100 are bon- 

30 ded firmly to the concrete 3 six months after the 
manufacture. Thus, the tendon 100 of the present 
invention can be tensioned satisfactorily within six 
months after the manufacture. 

Although the setting time of the bonding ma- 

35 teriai 2 of the second embodiment is adjusted to 
six months, the setting time of the bonding material 
2 can be adjusted to an optional time by properly 
determining the contents of the ingredients thereof 
taking into consideration the time in which the 

40 strength of the concrete '3 increases to a value to 
permit tensioning the tendon. 

The tendons 100 were subjected further to pull- 
out tests, in which pulling force was applied to the 
tendons 100 after the bonding material 2 had set 

45 and the slip of the tendons 100 relative to the 
concrete 3 was measured. Measured results are 
shown in Fig. 5, in which a curve 10 represents the 
relation between the pulling force applied to steel 
strands for prestressed concrete buried directly in 

so concrete as controls and the average slip of the 
steel strands relative to the concrete, and a curve 
1 1 represents the relation between the pulling force 
applied to the tendons 100 of the present invention 
and the average slip of the tendons 100 relative to 

55 the concrete 3. 

As obvious from Fig. 5, the average maximum 
adhesive strength of 95.4 kg/cm 2 , namely, a pulling 
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force to which the adhesive^trength of the tendon 
yielded, of the tendon 100 of the present invention 
is far greater than the average maximum adhesive 
strength of 46.6 kg/cm 2 of the control. 
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bending strength Urn load-displacement character- 
istics, and the bending characteristics of the 
prestressed concrete test beam A are superior to 
those of the prestressed concrete test beams C. 



Embodiment 2: 

Referring to Fig. 2, showing a tendon 200, in a 
second embodiment, according to the present in- 
vention, the tendon 200 comprises a core member 
1, which is similar to that of the first embodiment, a 
bonding material 2 coating the core member 1 , and 
a corrugated sheath 4 encasing the core steel 1 
coated with the bonding material 2 therein. A plu- 
rality of the tendons 200 are arranged in a pre- 
determined arrangement, and then the concrete 3 
is placed. 

The bonding material 2 of the second embodi- 
ment is the same as that of the first embodiment. 
The setting time of the bonding material 2 is ap- 
proximately six months. 

The core member 1 is a steel strand of 12.7 
mm in diameter for prestressed concrete. The core 
member 1 was dipped in the bonding material 2 to 
coat the core member 1 with the bonding material 
2 in a thickness in the range of 0.5 to 1 mm. 

Although the sheath 4 is formed of a polyethyl- 
ene resin in this embodiment, the sheath 4 may be 
formed of any suitable resin or an ordinary metal 
such as a steel. The sheath 4 is corrugated to 
restrain the sheath 4 from axial movement relative 
to the concrete 3. 

The tendons 200 were subjected to pull-out 
tests. Test procedures were the same as those 
taken for testing the adhesive strength of the ten- 
dons 100 of the first embodiment. The results of 
the pull-out tests are represented by a curve 12 in 
Fig. 5. The average maximum adhesive strength of 
the tendons 200 is 96.0 kg/cm 2 , which is far greater 
than that of the conventional tendons. 

The prestressed concrete test beams A incor- 
porating the tendons 200, the prestressed concrete 
test beams B incorporating steel strands of 12.7 
mm in diameter for prestressed concrete and fab- 
ricated through the ordinary pottensioning process 
and the cement grouting process, and the prestres- 
sed concrete test beams C incorporating unbonded 
steel strands for prestressed concrete were sub- 
jected to bending tests specified in JIS (Japanese 
Industrial Standards) A 1106. Test results are 
shown in Fig. 6, in which curves 13, 14 and 15 are 
load-displacement curves respectively, for the 
prestressed concrete test beams A, B and C. As 
obvious from Fig. 6, the prestressed concrete test 
beams A and B are substantially the same in 



Claims 

1. A tendon for prestressed concrete struc- 
70 tures. comprising: a core member; and an unset 
bonding material coating said core member in a 
predetermined thickness, having a specific setting 
time, and capable of setting at an ordinary tem- 
perature. 

75 2. A tendon for prestressed concrete struc- 
tures, as recited in claim 1, wherein said core 
member is a steel wire for prestressed concrete 
structures. 

3. A tendon for prestressed concrete struc- 
20 tures, as recited in claim 1, wherein said core 

member is a steel strand for prestressed concrete 
structures. 

4. A tendon for prestressed concrete struc- 
tures, as recited in claim 1, wherein said core 

25 member is a steel bar for prestressed concrete 
structures. 

5. A tendon for prestressed concrete struc- 
tures, as recited in any preceding claim, wherein 
said specific setting time of said unset bonding 

30 material can be adjusted by selectively determining 
the respective contents of the ingredients of said 
bonding material to a time longer than a time in 
which the strength of concrete in which said tendon 
is buried increases to a degree to permit tensioning 

35 said tendon. 

6. A tendon for prestressed concrete structure, 
as recited in any preceding claim, wherein the 
thickness of said bonding material coating said 
core member is 20u or above. 

40 7. A tendon for prestressed concrete struc- 
tures, as recited in any preceding claim, wherein 
said unset bonding material is an unset adhesive 
resin. 

8. A tendon for prestressed concrete struc- 
46 tures, as recited in claim 7, wherein said unset 

adhesive resin is an epoxy resin, a polyurethane 
resin, a polyester resin, etc. 

9. A tendon for prestressed concrete struc- 
tures, as recited in any preceding claim, further 

so comprising a sheath encasing said core member 
coated with said unset bonding material. 

10. A tendon for prestressed concrete struc- 
tures, as recited in claim 9, wherein said sheath is 
a corrugated sheath. 

55 11. A tendon for prestressed concrete struc- 
ture, as recited in claim 9 or 10, wherein said 
sheath is formed of a steel. 
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12. A tendon for prestressing concrete struc- 
ture, as recited in claim 9 or 10. wherein said 
sheath is formed of a resin. 

13. A method of using tendons for prestressed 
concrete structure, each comprising: a core mem- s 
ber; and an unset bonding material coating said 
core structure in a thickness of 20u or above, 
having a specific setting time, and capable of set- 
ting at an ordinary temperature, said method com- 
prising steps of: arranging said tendons in a de- w 
sired arrangement; placing concrete so as to bury 

said tendons therein; and tensioning and fixing said 
tendons after the strength of the placed concrete 
has increased to a degree to permit tensioning said 
tendons and before said unset bonding material 75 
sets. 

14. A method of using tendons for prestressed 
concrete structure, each comprising: a core mem- 
ber; an unset bonding material coating said core 
member in a thickness of 20u or above, having a 20 
specific setting time, and capable of setting at an 
ordinary temperature; and a sheath encasing said 
core member coated with said unset bonding ma- 
terial therein, said method comprising steps of: 
arranging said tendons in a desired arrangement; 25 
depositing concrete so as to bury said tendons 
therein; and tensioning and fixing said tendons 
after the strength of the deposited concrete has 
increased to a degree to permit tensioning said 
tendons and before said unset bonding material 30 
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